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Fig.1 Configuration of the Parafoil. 
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(a) Video image of Camera 1. 
 
 
(b) Video image of Camera 2. 
Fig.2 A trajectory detected from video images. 
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Fig.3 Definition of angles for analyzing trajectory points. 
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Fig.4 Flight trajectories of steady-state gliding at several values of angle of attack. 
 
Table 1 Characteristics of steady-state gliding at several values of angle of attack. 
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   (a) Baseline.        (b)10[mm] shortening.     (c)20[mm] shortening. 
Fig.5 Flight trajectories for three shapes of the canopy. 
 
 
Fig.6 Horizontal displacement history of turning flight trajectories for three shapes of the canopy. 
 
 
Fig.7 Turning flight trajectories at several values of angle of attack. 
 
㪊㪅㪉㪅㪊㩷ᠲ⥽ᔕ╵㩷
ᠲ⥽ߦࠃࠆᣓ࿁ᔕ╵ᕈࠍ⺞ߴࠆߚ߼ߦ㧘ࠦࡦ࠻ࡠ࡯࡞࡜ࠗࡦߩᒁ߈㊂ߣߘࠇߦኻᔕߔࠆ㘧ⴕ⚻
〝ߩᣓ࿁ᦛ₸ߩጁᱧࠍ Fig.8 ߦ␜ߔ㧚ㄫⷺ߿ࠠࡖࡁࡇ࡯ᒻ⁁ߪరߩ߹߹ߢ޽ࠅ㧘ࠦࡦ࠻ࡠ࡯࡞࡜
ࠗࡦߩᒁ߈㊂ߪ 30[mm]ߢ޽ࠆ㧚ᦨೋߩᠲ⥽ᓟ߅ࠃߘ 0.08[s]એౝߦᣓ࿁߇ᆎ߹ߞߡ޿ࠆ㧚߹ߚ㧘
๟ᦼ 0.4 ⑽ߩᮮᝄേ㧔ᝄࠅሶㆇേ㧕ࠍ␜ߒߥ߇ࠄ㧘ᠲ⥽ࠍ➅ࠅ㄰ߔߦߟࠇߡᐔဋ⊛ߥᣓ࿁ᦛ₸߇
ᄢ߈ߊߥߞߡ޿ࠆ㧚ᠲ⥽⚳ੌᓟߪ㧘ᮮᝄേࠍ➅ࠅ㄰ߒߥ߇ࠄᐔဋ⊛ߥᣓ࿁ᦛ₸߇ᷫዋߒߡ߅ࠅ㧘
ቯᏱṖⓨ⁁ᘒ߳ߩᓳరᕈ߇␜ߐࠇߡ޿ࠆ㧚 
ࠠࡖࡁࡇ࡯ߩ౞ᒐᒻ⁁ࠍᄌ߃ߡห᭽ߦᠲ⥽ᔕ╵ࠍ⺞ߴߚ⚿ᨐࠍ Table 2ߦ␜ߔ㧚ࠠ ࡖࡁࡇ࡯ߩ౞
ᒐᒻ⁁ߩᦛ₸ࠍᄢ߈ߊߔࠆ߶ߤ㧘ᠲ⥽ᔕ╵ᕈ߇ૐᷫߒ㧘ห⒟ᐲߩᣓ࿁ᦛ₸ࠍᓧࠆߩߦᔅⷐߥᠲ⥽
ᤨ㑆߇ᄢ߈ߊߥߞߡ޿ࠆ㧚 
 
 
-8 -7 -6 -5 -4
-8 -7 -6 -5 -4
4
6 -8 -7 -6 -5 -4
4
6
4
6
1.0
1.5
2.0
2.5
3.0
1.0
1.5
2.0
2.5
3.0
x(m)
y(m)
z(m)
-10 -8 -6
-10 -8
-6
2
4
-10 -8
-6
2
4
2
4
0.5
1.0
1.5
2.0
2.5
3.0
0.5
1.0
1.5
2.0
2.5
3.0
x(m)
y(m)
z(m)
-10 -8 -6 -4 -2
-10 -8 -6 -4 -2
2
3
4
-10 -8 -6 -4 -2
2
3
4
2
3
4
1.0
1.5
2.0
2.5
3.0
1.0
1.5
2.0
2.5
3.0
y(m)
x(m)
z(m)
- 35 - 
㪋㪅㩷 䉲䊚䊠䊧䊷䉲䊢䊮䈮䉋䉎㘧ⴕ․ᕈ䊌䊤䊜䉺䊷䈱หቯ 
౐⥄↱ᐲߩ㘧ⴕജቇࠪࡒࡘ࡟࡯࡚ࠪࡦࠍⴕ޿㧘㘧ⴕ⹜㛎ߢߩ㘧ⴕ⚻〝ࠍౣ⃻ߔࠆߎߣࠍㅢߒߡ㧘
ฦ⒳ߩ㘧ⴕ․ᕈࡄ࡜ࡔ࠲࡯ߩ᭎⇛୯ࠍផቯߔࠆ㧚ቯᏱṖⓨߦ㑐ߔࠆ㘧ⴕ⹜㛎࠺࡯࠲ߣࠪࡒࡘ࡟࡯
࡚ࠪࡦ⚿ᨐࠍ Fig.9 ߦ␜ߔ㧚ߎߩߣ߈ߩࠪࡒࡘ࡟࡯࡚ࠪࡦߦ↪޿ߚ㘧ⴕ․ᕈࡄ࡜ࡔ࠲࡯ߩ৻ㇱࠍ
Table 3ߦ␜ߔ㧚㒠ਅⷺߦᐞಽ㆑޿߇⷗ࠄࠇ㧘ࠪࡒࡘ࡟࡯࡚ࠪࡦߦ↪޿ࠆ㘧ⴕ․ᕈࡄ࡜ࡔ࠲࡯ߦ⺞
ᢛߩ૛࿾߇޽ࠆ㧚 
 
㪌㪅㩷 ⚿㩷 ⸒ 
ዊဳࡄ࡜ࡈࠜࠗ࡞㘧ⴕታ㛎ᯏࠍ↪޿ߡደౝߢ㘧ⴕ⹜㛎ࠍታᣉߒ㧘ߘߩ㘧ⴕᤋ௝ࠍ⸃ᨆߔࠆߎߣ
ߦࠃߞߡ㧘ࡄ࡜ࡈࠜࠗ࡞ߩṖⓨᕈ⢻㧘ᣓ࿁ᕈ⢻㧘߅ࠃ߮ᠲ⥽ᔕ╵ࠍቯ㊂⊛ߦ⺞ߴߚ㧚߹ߚ㧘ㄫⷺ
߿ࠠࡖࡁࡇ࡯౞ᒐᒻ⁁ࠍᄌ߃ࠆߎߣߦࠃࠆലᨐ߽⺞ߴߚ㧚ߐࠄߦ㧘౐⥄↱ᐲࠪࡒࡘ࡟࡯࡚ࠪࡦߦ
ࠃߞߡ㘧ⴕ⹜㛎ߩ㘧ⴕ⚻〝ࠍౣ⃻ߒ㧘㘧ⴕ․ᕈࡄ࡜ࡔ࠲࡯ߩ᭎⇛୯ࠍหቯߒߚ㧚੍஻⊛ߥ᳓Ḱߢ
ߪ޽ࠆ߇㧘࿖ౝߢߪೋ߼ߡ㧘ࡄ࡜ࡈࠜࠗ࡞㘧ⴕ૕ߩታ㓙ߩ㘧ⴕߦ߅ߌࠆ㘧ⴕ․ᕈ࠺࡯࠲ࠍቯ㊂⊛
ߦขᓧߢ߈ߚ㧚 
 
ෳ⠨ᢥ₂ 
(1) ⿒ဈ ೰ผ㧘ޟࡄ࡜ࠣ࡜ࠗ࠳࡯ߩ㘧ⴕ․ᕈߦ㑐ߔࠆ⎇ⓥޠ㧘᧲ᶏᄢቇᄢቇ㒮ඳ჻⺰ᢥ(1998)㧚 
(2) ᧲ ᤘ㧘ޟࡄ࡜ࠣ࡜ࠗ࠳࡯ߩ․ᕈޠ㧘ᣣᧄ⥶ⓨදળ㧘(1996)㧚 
(3) ㋈ᧁ㧘߶߆㧘ޟ㘧ⴕᯏߣࡄ࡜ࠣ࡜ࠗ࠳࡯ߦ߅ߌࠆᮮំࠇᠲ⥽ᔕ╵․ᕈߩ⋧㆑ࡔࠞ࠾࠭ࡓޠ㧘ᣣ
ᧄ⥶ⓨቝቮቇળ⺰ᢥ㓸㧘Vol.55㧘No.642㧔2007㧕㧘pp.337-343㧚 
(4) ’㊁ శ㓶㧘ޟ㘧ⴕജቇߩၮ␆ޠ㧘↥ᬺ࿑ᦠᩣᑼળ␠㧔1980-2㧕㧚 
(5)  ᩉ ੫ੑ㧘ޟ⥶ⓨᯏߩㆇേ⸃ᨆࡊࡠࠣ࡜ࡓޠ㧘↥ᬺ࿑ᦠᩣᑼળ␠㧔2007-7㧕㧚 
 
- 36 - 
 
Fig.8 Lateral control response. 
 
Table.2 Effects of the canopy shape on the lateral control response. 
ࠠࡖࡁࡇ࡯ߩ౞ᒐᒻ⁁ 
ᠲ⥽ᤨ㑆 
[s] 
ᠲ⥽ᒁ߈㊂ 
[mm] 
㘧ⴕ⚻〝ߩ 
ᣓ࿁ᦛ₸[1/m] 
ᄌൻߥߒ 0.16 30 2.5010-3 
Ꮐฝ┵࡜ࠗࡦࠍ-10[mm]⍴❗ 0.24 30 3.1310-3 
Ꮐฝ┵࡜ࠗࡦࠍ-20[mm]⍴❗ 0.24 30 1.1710-3 
 
 
Fig.9 Comparison between an experimental flight trajectory and corresponding results of simulation. 
 
Table 3 Characteristic properties of the parafoil experimental vehicle used  
for simulation of steady-state gliding. 
 Property Notation
Value 
ǩ= -15 deg ǩ= 0 deg ǩ= 15 deg 
Lift coefficient  DLC  -0.110 0.330 0.690 
Pitching moment 
coefficient 
 DmC  0.034 0.014 -0.047 
Rolling stability ElC -0.035 
Yawing stability EnC  0.032 
 
 
